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Introduction
The medical literature has concentrated mainly on the female breast and its disorders. The male breast has attracted less attention, in part because it is a rudimentary, non-functional organ and in part because it is less frequently targeted by disease. However, the male breast can be the site of a wide variety of benign and malignant lesions, which have to be known for correct diagnosis and treatment [1] .
Physical examination and mammography are the methods of choice for evaluating lesions of the female breast, particularly those of a neoplastic nature. Ultrasonography is used only as complementary examination (except in certain cases, such as clinically benign lesions in young women, lumps that develop during pregnancy) or as a guide for biopsy. The male breast is also evaluated largely by means of clinical examination, and the various diseases that affect it have characteristics similar to those of the female breast. Because of its limited volume, the male breast is not easy to examine with mammography. Nevertheless, many still consider it the method of choice for supplementing the clinical examination of this organ [1] . Ultrasound is highly effective for exploring isolated lesions, and it is becoming the natural complement for the diagnostic work-up.
Mammography is undoubtedly superior to ultrasound for the identification and characterization of microcalcifications, but these are quite rare in the male breast. Ultrasound has an established role as a guide for biopsy of breast lesions in males or females. It allows real-time visualization of the needle tip and can also provide information on lesion vascularization, which can be used to select the area that should be sampled. In this article, we review the sonographic features of various benign and malignant lesions of the male breast.
Anatomy
The mammary gland is located between the pectoral muscles and the subcutaneous tissues.
It is composed largely of adipose tissue with a small, flattened, disc-shaped body of grayish, fibrous glandular tissue. This body consists of 15e25 short, branched lactiferous ducts, whose minute orifices open onto the apex of the nipple. Normally, lobular formations are absent, as are the ligaments of Cooper. The arterial blood supply comes from the main external artery of Salomon, which originates from the axillary artery, the internal mammary artery (also known as the internal thoracic artery), and branches of the third, fourth, and fifth intercostal arteries. Venous drainage is provided by two vessels, one superficial, the other deep, which converge and empty into the intercostal veins. Lymphatic drainage is furnished mainly by the axillary lymph nodes and to a lesser extent by the supraclavicular and internal thoracic nodes. The breast contains mainly sensory nerve endings derived from the intercostal and supraclavicular nerves.
On ultrasound, the nipple appears as a small hyperechoic nodule with mild posterior attenuation; when visible, the small volume of glandular tissue appears hypoechoic ( Fig. 1 ). The overlying skin is hyperechoic, and the subcutaneous tissue (like most subcutaneous fat) is hypoechoic with hyperechoic streaks that represent fibrous striae.
Gynecomastia
Gynecomastia refers to an enlargement of the male breast caused by benign proliferation of the glands ducts and stromal components. It is the most common form of breast swelling seen in males. Some forms of gynecomastia are physiological or paraphysiological. In the perinatal period [2, 3] male breast enlargement can be caused by transplacental exposure to maternal estrogens. During puberty, it can develop as a result of hormonal instability caused by imbalances between blood levels of testosterone and estrogens. And in adults (60e80 year olds), gynecomastia can be caused by diminished androgen secretion associated with reduced inactivation of estrogens in the liver.
Gynecomastia can also be associated with diverse pathological conditions, including Leydig cell tumors of the testis; adrenal tumors; ectopic production of gonadotropin by tumors of the lung, liver, or kidney; liver or renal failure; and hyperthyroidism. Last but not least, gynecomastia can be an adverse effect of certain drugs like steroid hormones, cimetidine, thiazide diuretics, cardiac glucosides, antihypertensives, antidepressants, and narcotics [4] . Cases have also been linked to the illegal use of anabolic steroids, particularly by professional athletes [5] .
Clinical manifestations consist of a soft, elastic, nodulelike retroareolar mass that is occasionally associated with pain. The overlying skin is intact and resembles that of adjacent areas.
Three types of gynecomastia have been described: nodular ( Fig. 2) , dendritic ( Fig. 3 ) and diffuse glandular ( Fig. 4) . Each represents a different degree of ductal and stromal proliferation. The nodular and dendritic forms correspond to the florid and fibrous stages of proliferation, respectively, whereas the diffuse glandular type corresponds to epithelial proliferation and is often linked to the use of exogenous hormones.
The ultrasound examination reveals a subareolar hypoechoic mass, which may have typical nodular features and a long axis that is parallel to the skin (nodular gynecomastia) ( Fig. 2 ), or it may be triangular with extensions that radiate into the subareolar fat (dendritic gynecomastia) ( Fig. 3 ), or it may resemble a female breast (diffuse gynecomastia) ( Fig. 4) . The color-Doppler evaluation 
Pseudogynecomastia
Pseudogynecomastia involves breast enlargement (usually bilateral) caused by an excess of adipose tissue, which is not necessarily associated with constitutional obesity [7, 8] or with alterations of the breast parenchyma, whose volume is normal. It is clinically manifested by increases in volume that are diffuse, non-nodular, and symmetrical. The diagnosis is based on clinical findings. Ultrasonography reveals the presence of lobular areas of adipose tissue that are homogeneously hypoechogenic and separated from one another by thin hyperechoic bands of fibrous tissue ( Fig. 5 ) [1] .
Cysts
Breast cysts, which are relatively rare, are caused by dilatation of the ducts. The cells composing the ductal epithelium often have abundant, eosinophilic, granular cytoplasm and roundish hyperchromic nuclei. The epithelium resembles that of the apocrine sweat glands. The secretions may be calcified.
In men, breast cysts are often associated with gynecomastia, and they are generally solitary lesions. For this reason, they cause greater alarm, particularly those with a firm consistency that are relatively fixed to underlying structures.
As in females, breast cysts can be simple, complicated, or complex. On ultrasound, simple cysts are characterized by well-defined margins, anechoic contents, reinforcement of the posterior wall, and lateral acoustic shadows ( Fig. 6 ). Color-Doppler may reveal perilesional signals related to compression and/or dislocation of nearby vascular structures. Complicated or complex cysts are hypo-anechoic with well-defined margins. They often contain numerous small hyperechoic formations or true vegetations. In corpuscular cysts, color Doppler may reveal intralesional signals caused by motion artifacts.
Inflammatory conditions
Mastitis, which is also relatively rare, is an inflammatory process caused by bacteria such as staphylococci or less commonly streptococci. The organisms enter the gland through the nipple as a result of trauma (e.g., nipple piercing). Mastitis is associated with the typical signs of local inflammation: pain, erythema, heat, skin thickening, and edema.
Subareolar abscesses are the most common inflammatory lesions encountered in the male breast. They are often the localized result of chronic mastitis. The abscesses tend to recur if they are not adequately treated and may require surgical excision that extends to the related ducts [7, 9] . The clinical features of an abscess are often similar to those of a neoplastic lesion, and the diagnosis is often based on combined data from the patient history, breast examination, and imaging studies.
On ultrasonography, the mastitic male breast resembles a female breast with diffuse edema, thickening of the skin and subcutaneous tissues (Fig. 7A,B) , and color Doppler evidence of hypervascularization ( Fig. 7C,D) . Abscesses appear as hypo-to anechoic lesions with irregular margins and peripheral vascularization [10, 11] .
Mondor disease
Mondor disease (Fig. 8) is a relatively rare form of thrombophlebitis that involves the subcutaneous veins of the anterior chest wall [1, 2] . It manifests clinically as a subcutaneous, cord-like lesion, which is initially soft and red. Later, it becomes firm and painful, and the overlying skin is tense and/or retracted. Mondor disease is frequently associated with breast cancer, but there are also a number of other causes including trauma, venous catheterization, the use of intravenous drugs and, in general, any situation that causes vein trauma or venous stasis with increased pressure on the walls of the veins. In cases of Mondor disease in which there is no apparent cause, the pathophysiological mechanism appears to be related to repeated stretching of the venous walls secondary to the continual movement of the chest wall that occurs with contractions of the pectoral muscles [12] . The disease can affect one or more veins, including the thoracoepigastric vein, lateral thoracic vein, and the superior epigastric vein. The sonographic appearance is that of a slender, hypoechoic cord whose walls are thick and hyperechoic (Fig. 8 ).
Lipomas
The lipoma is the second most common benign lesion in the male breast [4] .
It is a well-defined, encapsulated mass containing adipocytes. It is usually asymptomatic and presents as a small, palpable mass that may be soft or (when calcified) hard. Ultrasound reveals a well-circumscribed lesion that is homogeneously isoechoic or slightly hyperechoic ( Fig. 9 ) with respect to the subcutaneous fat. The mass is surrounded by a thin, echogenic capsule and is not associated with posterior shadowing or contrast-enhancement during examination with acoustic contrast medium. Small lipomas may appear hyperechoic [11] , and those that are calcified and hyperechoic may exhibit posterior shadowing.
Fibroadenomas
Fibroadenomas are rare in the male breast owing to the absence of glandular lobules. Very few cases have been described, and many of these have developed during estrogen stimulation [13e15]. The sonographic features are similar to those of fibroadenomas in the female breast. Sonographically, the lesion appears as an oval, hypoechoic formation that is circumscribed, with well-defined margins and in some cases macrolobulations (Fig. 10A) [4] . Examination with color Doppler shows vascularization, which generally consists of one or two vessels that penetrate the parenchyma of the lesion and have harmonically distributed terminal branches (Fig. 10B ).
Malignant tumors
Breast malignancies are relatively rare in males. The commonly occur as localized, painful masses and are usually found at the subareolar level or in the upper outer quadrant of the breast. Compared with gynecomastia, these lesions are often eccentric with respect to the nipple. The mass may be attached to the skin or the pectoral muscle. Other clinical presentations include nipple retraction and bloody discharge from the nipple. Several risk factors have been identified for male breast cancer including age, family history (BRCA2), exposure to radiation, cryptorchidism, testicular injury, Klinefelter syndrome, liver dysfunction, and chest trauma [4] . The most common forms are invasive ductal carcinoma (85% of cases), papillary carcinoma (5%), and lymphoma [16] . On ultrasound, invasive ductal carcinoma appears as a solid mass, which is usually hypoechoic (Fig. 11 ). Less frequently it may appear as a complex cyst or as an area of distortion. In all cases, it has irregular margins and more or less intense posterior attenuation rear [4] . Some lesions are hypervascular. Papillary carcinoma appear as solid or complex cystic masses with thick walls that contain both solid and cystic components [17e19]. As for primary lymphoma of the breast, it may appear as a solid, roundish, hypoechoic mass with irregular or microlobulated margins. These tumors are usually hypervascular. Ultrasonography reveals a wellcircumscribed, homogeneous mass that is slightly hyperechogenic with respect to the subcutaneous fat. Its long axis lies parallel to the cutaneous layer. The mass is surrounded by a thin, hyperechoic capsule, and there is no posterior shadowing.
Discussion and conclusions
Gynecomastia and pseudogynecomastia have a significant incidence that is slowly but steadily increasing, with cases of pseudogynecomastia in adolescents and cases of true gynecomastia in young adults using anabolic substances and elderly patients with cancer of the prostate who are on hormone therapy [1, 3, 5, 6] . Pseudogynecomastia is diagnosed on the basis of findings obtained through breast palpation: ultrasonography merely confirms the clinical diagnosis. Ultrasonography is more important in the diagnosis of true gynecomastia, which has a clinical presentation very similar to that of other nodular diseases. Tumors of the male breast are uncommon [1,7À10] , as are most other lesions involving this organ. For this reason, there is a fairly limited amount of literature on these lesions. However, professionals performing ultrasound examinations of the breast need to be familiar with them. For one thing, the use of mammography is decreasing in male patients. In contrast, ultrasonography, together with history and physical examination, can generally provide a diagnosis and assess treatment outcomes. Biopsy, which is always performed with ultrasound guidance, can be reserved for those few cases in which doubts arise or when drainage is required [1] . Fig. 10 Fibroadenoma: Ultrasonography reveals a circumscribed, oval-shaped, lobulated mass that is inhomogeneously hypoechoic (fibroadenoma with areas of myxoid degeneration) with well-defined margins (A). Color Doppler reveals multiple vascular poles but the vascularization is harmonious (B). 
